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CMS Overview

Schedule Controller Process

* Processes activity lists
Command Model Process

* Rule-based constraint
Spacecraft Model Process

o ATC buffer model

 RTCS buffer model

e Table model

 Ground images

« Memory dump processing
Ground Schedule Process
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CMS Overview

Load Catalog Process

* Load catalog
Microprocessor loads
RTCS loads
FSW loads
Table loads
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Schedule Controller Process

Process Description

* Receives request to process an activity list from Planning and
Scheduling (PAS)

 Manages processing of “What If” schedule
- Expands activities
- Requests constraint checking

 Manages processing of Detailed Activity Schedule (DAS) or late
change

- Expands activities into directive list
- Requests constraint checking
- Requests ATC buffer mapping and load generation
- Requests updates to Ground Schedule
 Responds to PAS’s request to process DAS by returning a status
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Schedule Controller Context
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ATC Load Generation
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Schedule Controller Process

Key Requirements

 ATC load shall be generated from the same operational period as the
Detailed Activity Schedule (DAS)

* Ground script shall be based on DAS
» Allow user to override soft constraint violations
Key Features
» Directive object shared with FUI
- Each type of directive is a separate class
Simple to implement addition of new directive types
Special directive processing is isolated
Directive syntax change affects only one class
« Automatically requests uplink scheduling for all ATC loads
- Improves reliability
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Schedule Controller Process

Design Implementation
* Receive time ordered lists of activities which represents DAS

- Ensures that ATC load and ground schedule will be based on the
same operational period as DAS

« Expand Activities
- Allow parameter substitution into expanded directives

- Retrieve activity definition, command definitions and command
constraint definitions from one database view (Sybase)

- Build an integrated list of directives from ground commands,
preplanned R/T spacecraft commands, and stored commands from
the DAS

Provides unprecedented coordination between spacecraft and
ground system
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Activity Expansion

Activities )
Time Ordered Expanded
Command List
Green
Activity
Red 3:30 am Blue Command 1
Activity
5:30 am Blue Command 2
Blue Command 1
Activity 10:00 am Yellow Command 1
11:00 am Yellow Command 2
1:30 pm Blue Command 3
4:30 pm Blue Command 4
Ye”.O\.N Yellow Command 3
Activity
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Schedule Controller Process

Design Implementation (cont.)
« Constraint Processing

- No constraint violations: processing of ATC load generation and
updating ground schedule continue

- Hard constraint violations cause processing to terminate: ATC
load is not generated and ground schedule is not updated

- If only soft constraint violations were found, processing is
suspended until user response is received

Override response: processing continues
Don’t override response: processing is terminated
» Uplink schedule request
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Command Model Process

Process Description
* Receives constraint check requests

Command list from CMS Schedule Controller
Procedure definition from FUI Procedure Builder
RTCS load definitions from CMS Load Catalog
Activity definition list from DMS PDB Validation
* Returns status

- Complete, no violations

- Pending, only soft constraint violations found

- Failed, at least one hard constraint violation
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Command Model Context
Diagram
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Command Model Process

Key Requirements

« ATC commands, ground commands, RTCS loads and procedure
definitions shall be constraint checked

Key Analyses

* Rule selection based on study of Wind/Polar CMS and PARR
constraints

* PARR associated activity constraint definitions with the activities
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Command Constraint Rules

Command Rule Definition
Type
Pre-Rule If Command A Occurs, Then Command B Must Have
Occurred at Least X Time Earlier, And At Most Y Time
Earlier. Command C (optional) Must Not Occur
Between B and A
Post-Rule If Command A Occurs, Then Command B Must Occur

And Must Be At Least X Time Later, And At Most Y
Time Later

Telemetry Rule

If Command A Occurs, Print an FOT-supplied Rule -
Specific Text String in the Conflict Messages

No Exist Rule

If Command A Occurs, Then Command B Must Not
Occur

Bit Rule

If Command A Occurs, One or More Bits in the
Specified Data Fields Must Be (or Must NOT Be) set to
Specified Values

Scalar Rule

If Command A Occurs, The VValue Of A Particular Data
Field Must Be Less Than, Greater Than, Equal To, Less
Than OR Equal To, Greater Than Or Equal To, OR Not
Equal to X

No Commands Before Rule

If Command A Then NO Commanding at Least X
seconds before Command A

No Commands After Rule

If Command A Then No Commanding At Least X
Seconds After Command A

No Commands to RT Until
Rule

If Command A Is Sent To RT, Then No Commanding to
That RT at Least X Seconds

No Repeat Rule

If Command A, Then Command A Must Not Be
Repeated Before X Seconds
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Command Model Process

Key Design Features
* Reduce probability of constraint violations during ATC load generation

- RTCS definitions, procedures and activity definitions are validated
when defined

« Allows for multiple directive lists to be constraint checked
independently

- Spawns the rule constraint model process
» Constraint definitions are database defined and easily modified
« Addition of new rule types easily implemented
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Rule Constraint Object Model
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Command Model Process

Design Implementation

« Command model builds or receives a doubly linked command list for
constraint checking

- Forward/backward searching for rule satisfiers
Improves performance

« Command constraints are associated with the command, i.e. they are
included as part of the command directive object

- Improves performance

 For each command that has a constraint, the constraint object
performs the evaluation to determine if there is a violation

« Each conflict is put into a conflict list that is returned when the
constraint checking is completed
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Spacecraft Model Process
Description

Creates and Maintains
e ATC buffer model
« RTCS buffer models
 Table models

 Ground images & memory dump images
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Spacecraft Model Process
Context Diagram
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Spacecraft Model Process

Key Requirements
* Maintain ATC and RTCS command-to-memory maps
« Maintain table load maps
« Maintain ground and memory dump images
Key Design Features
* Provides reliability, error-free operations for ATC load processing
- Automatically determines ATC load partitioning
- Automatically determines ATC uplink Window
- Ensures continuity between ATC loads
» Mission specific processing is isolated
 Simple to add or delete model or image for future missions
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Spacecraft Model Object Model
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Spacecraft Model

Key Features (cont.)
« Table models are database defined
- Adding new model requires simple addition of database definitions
 Table dump conversion

- Dumps are reverse engineered into table load contents, allowing
the user to edit the dump and create a new table load

Design Implementation

 Ground images are updated after uplink notification or upon user
request to overwrite the ground image

« Dump Conversion
- Retrieves dump file from DMS

- Reads the header record to determine dump type and/or format,
number of words, and other identifying information

- Strips CCSDS Header: results in binary image
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Spacecraft Model

Design Implementation (cont.)
« Actual buffer models are updated after uplink notification

* Maintains numerous ATC buffers: actual, predicted, working, and
previous

- In the event of a late change the affected predicted buffer models
are deleted
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ATC Buffer Model

Design Implementation

« When command list is received from the schedule controller, retrieves
the most recent predicted buffer and copies it to a working buffer

« Determines the uplink window based on user request

- If ATC partition load, uplink window is automatically set after
previous partition uplink window

» Calculates the number of available locations in the buffer, excluding
safe commands

* Determines activity boundaries and maps commands into buffer
- Maintain a list of activities currently being mapped into buffer

- Reduces number of available locations by number of space
directives in new “unmapped” activity
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Activity Expansion

Activities )
Time Ordered Expanded
Command List
Green
Activity
Red 3:30 am Blue Command 1
Activity
5:30 am Blue Command 2
Blue Command 1
Activity 10:00 am Yellow Command 1
11:00 am Yellow Command 2
1:30 pm Blue Command 3
4:30 pm Blue Command 4
Ye”.O\.N Yellow Command 3
Activity
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ATC Buffer Prior to Uplink

706-CD-002-001 Day 3

Current ATC Buffer

Memory Loc.
0001 | 4:00 am Day 1 Executed Command
0002 | 4:30 am Day 1 Executed Command
0003 | 5:00 am Day 1 Executed Command
0004 | 5:30 am Day 1 Executed Command
0005 | 6:00 am Day 1 Executed Command
0006 | 6:30 am Day 1 Executed Command
0007 | 7:00 am Day 1 Executed Command
0008 | 8:00 am Day 1 Executed Command
0009 | 9:00 am Day 1 Executed Command
0010 | 9:30 am Day 1 Executed Command
0011 | 10:00 am Day 1 Executed Command
0012 | 11:00 am Day 1 Executed Command
Uplink O(& 1:30 pm Day 1 Executed Command
4:00pm  g14 | 6:30 pmDay 1 Unexecuted Command
bay 4 0015 6:30 pm Day 1 Unexecuted Command
0016 2:00 am Day 2 Unexecuted Command
0017 3:45 am Day 2 Unexecuted Command
0018 4:00 am Day 2 Safe Command 1
0019 4:00 am Day 2 Safe Command 2
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ATC Load

Time Ordered Expanded ATC Load
Command List

2:00 am Day 2 Existing Command in Buffer

3:30 am Day 2 Blue Command 1
Blue Command 1

3:45 am Day 2 Existing Command in Buffer

5:30 am Blue Command 2
_ 10:00 am Day 2 Yellow Command 1
10:00 am Yellow Command 1 11:00 am Day 2 I —
11:00 am 1:30 pm Day 2 Blue Command 3
1:30 pm Blue Command 3 4:30 pm Day 2 Blue Command 4
4:30 pm Blue Command 4 6:00 pm Day 2 Yellow Command 3
6:15 pm Day 2 Safe Command 1
6:15 pm Day 2 Safe Command 2
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ATC Buffer After Load Uplink
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ATC Buffer After Uplink

Memory Loc.

0001] 3:30 am Day 2 Blue Command 1

0002 3:45 am Day 2 Existing Command in Buffer

0003

0004

0005

0006

0007| 10:00 am Day 2 Yellow Command 1

00081 11:00 am Day 2 Yellow Command 2

00091 1:30 pm Day 2 Blue Command 3

0010} 4:30 pm Day 2 Blue Command 4

0011} 6:00 pm Day 2 Yellow Command 3

0012] 6:15 pm Day 2 Safe Command 1

00131 .15 pm Day 2 Safe Command 2

00141 6:30 pm Day 1 Unexecuted Command

0015] 6:30 pm Day 1 Unexecuted Command Load
Start

2:00 am Day 2 Existing Command in Buffer
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ATC Buffer Model

Design Implementation (cont.)

- When number of space directives in “unmapped” activity exceeds
the number of available locations, the buffer is full and the
directive list is marked for partitioning

- Remaining commands in activities currently being mapped are
added to buffer

- Safe commands are added to buffer

» Builds command list for generating the ATC load, including safe
commands
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Ground Schedule Process

Process Description
» Updates ground schedule
« Creates ground script
» Generates expected state table
« Generates integrated report
Key Requirements

* Produce planned state of spacecraft for command verification
telemetry parameters

* Produce integrated report
* Include stored commands in ground script
- Comments for display to FOT
- During contacts stored commands are verified through telemetry

 Ground schedule includes orbital events, TDRS contacts, and all
preplanned directives expanded from DAS activities
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Ground Schedule Context
Diagram
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Load Catalog Process

Process Description
* Maintains EOC load catalog
- List of all valid loads available for uplink from EOC
ATC, RTCS, FSW, microprocessor, and table
* Generates RTCS, FSW, microprocessor, and table loads
« Stores load with DMS
Key Requirements

» Maintain catalog of RTCS, FSW, microprocessor and table loads
existing in EOC

 SCC loads must be partitioned into 4K bytes
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Load Catalog Context Diagram
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Load Catalog Process

Key Design Features
» Catalog entry directly accesses FOS database
Catalog entry contains identifying information about the load

- Load type, instrument or spacecraft subsystem, size of load,
number of 4K pieces, filename and uplink time for each piece, valid
uplink period, scheduling info, source, destination, and criticality
indicator

» Catalog entry available to user via FUI and R/T command process
which retrieves load for uplink from load catalog

* Notifies spacecraft model

- Uplink notification

- Late change deletion of predicted ATC buffer models
 Table load structures are defined in the database
« RTCS load validation allows user to override soft constraints
« Addition of new load types easily implemented
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Load Types Object Model
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T Paniionlesig : Eount SetLoadReport(const FoLIATCLoadReport?): ECTVoid
+ SetEndingLocation(EcTinY) : EcTVoid
+ SetStartingLocation(EcTint) : ECTVoid
+ SetLoadReport(const FoLiLoadReport) : EcTVoid
. lemoryUpdateSize(ECTInt : EcTVoid
+  SetStartingLocation(EcTint) : ECTVoid
FolTabletoad I<>— FoFmTableFormat
> myEndLocation  EcTint
2 myLoadReport : FoliLoadReport 7 mubescrptor | Rwesting
2 myStartLocation : EcTint e ese Eorint
7 myTableName : RWCString 2 myTableMnemonic : RWCString
T BuldUpinkLoad) : EcTint ? EcTint
+  ComposeReport() : EcTVoid ?  myTableType : RWCString
+  CreateLoad(const FoMsTableLoadGenReq&): EcTint
+ GenerateLoadimage(const FoL iLoadContents): EcTint + ProduceBinary() : RWBitveo
+ GetEndLocation( : EcTint
+ GetFormat() : FoFmTableFormate.
+ GetLoadReport) : FoliLoadReport&
+  GetStartLocation() : EcTInt .
+ RetrieveTableFormat() : FoFmTableFormaté.
+ SetendLocation(ECTInY : ECTVoid
+ SetLoadReport(const FoliLoadReporta): EcTVoid FormDataFicld
+ SetStartLocation(EcTin) : EcTVoid
> myDataUnts - RWCSng
> myDefaultValue : <template>
2 myFieldDescriptor : RWCString
2 myFieldNumber : EcTint
FoLIRTSLoad 2 myHighRangeValue : <template>
7 myCriicalCommands | FmMnDirectiveLis ? K;ﬁ::gzzﬂ"‘;(z?ﬂ:?‘”
2 myCriicalFlag : EcTint e
2 myDirectiveList : FmMnDirectiveList e et
2 myLoadReport : FoLIRTSLoadReport* R Apilagia
2 myRTSBufiDestination : EcTint T alveoveretiag - Ecin
 BuldUpINkLoad(cons! FoMsLoadGenReqd): ECTnt ? : Rwesti
+ ComposeReport() : EcTint
+ CreateLoad(const FoMsLoadGenReqg): EcTint +_ ProduceBinary() : RWBitvec
+ GelCriicalCommands() : FmMnDirectiveListé:
+ GetCriicalFlag() - EcTint
+ GetDirectiveList() : FmMnDirectiveList&
+ GetLoadReport() : FoLIRTSLoadReport*
+ GetNumber0fCommands(): EcTint
+ GelRTSBuffDestination() : EcTint
+ SetCriicalCommands{const FmMnDirectiveListg) : EcTVoid
+ Se(CricalFlag) - EcTVoid
+ SetDirectveList(const FmMnDireciveListg): EcTVoid
+ SetLoadReport(const FoliLoadReport): EcTVoid
+ SelRTSBuffDestination(EcTint): EcTVoid
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Load Manager Tool

Features

* Provides access to RTCS load and table load builders
Provides capability to validate and generate loads
Provides capability to schedule load uplinks
Ingests external load contents
Displays load catalog entries
* Provides capability to delete valid loads

Interfaces with FUI load builders, CMS load catalog, and PAS load
scheduler

Design Implementation
 Table and RTCS load contents are in ASCII format
- Edit, validate, generate and schedule
« FSW and microprocessor load contents are in binary format
- Generate and schedule

706-CD-002-001 Day 3
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Load Manager Tool
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Load Generation

Design Implementation
« RTCS load generation

User selects or edits load contents
User selects generate which automatically invokes validation
Load manager tool sends generation request to CMS
CMS performs constraint checking of RTCS load contents
Validated load contents used by load object
Creates packetized binary uplink load
Creates binary load image for use in spacecraft model
Creates load report
Create catalog entry for new RTCS load
Store all load objects with DMS
User requests load uplink scheduling
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Load PaRTCS Object Model

FoLiLoad

R R ]

myDestination: RWCString
myLoadSize : EcTint

mySpacecraftid : EcTint
myUplinkPeriod : FOSTimelnterval
myDirectory : RWCString
myLoadName : RWCString
myOwner : RWCString
myLoadContents : FoLiLoadContents
myStatus : FoMsCMSStatus
myUplinkLoads : RWSlistCollectables
myNumberOfPieces: EcTint
mySizeOfLastPiece: EcTint

FoLiLoadimage

FoLiLoadContents

myFilename

4+

B

GetSpacecraftia() : ECTInt
GetLoadName(): RWCString&
BuildUplinkLoad(FoLiLoadContents*)
CreateLoad(const FoMsLoadGenReq&) FoMsCMSStatus&
GetDestination() : RWCString&

GetDirectory() : RWCString&

GetLoadSize() : EcTint

GetOwner() : RWCString&

GetUplinkPeriod() : FOSTimelnterval&
SetDestination(const RWCString&). EcTVoid
SetDirectory(const RWCString&): ECTVoid
SetLoadName(const RWCString&): EcTVoid
SetLoadSize(EcTInt): ECTVoid

SetOwner(const RWCString&): EcTVoid
SetSpacecraftid(EcTin: ECTVoid
SetUplinkPeriod(const FOSTimelnterval&) EcTVoid
GetLoadContents(): const FoLiLoadContents&
SetLoadContents(const FoLiLoadContents&) EcTVoid
GetStatus() : FOMSCMSStatus&

SetStatus(const FOMsCMSStatus&). EcTVoid
GetUplinkLoads() : RWSlistCollectables&
SetUplinkLoads(const FoLiUplinkLoad&) EcTVoid
GetNumberOfPieces(): EcTint

GetSizeOfLastPiece(): EcTint
SetNumberOfPieces(EcTInt): ECTVoid
SetSizeOfLastPiece(EcTInt): EcTVoid
ComposeReport() : EcTint

GenerateLoadImage(const FoLiLoadContents&) EcTint
BuildUplinkLoad(const FoLiLoadImage&) EcTint

GetFilename()
SetFilename(const RWCString&)

FoLiRTSLoadReport

NRERREN

myCommandList: FmScCommandList
myNumOfCriticalCmds: EcTint
myRTSBufferNumber: EcTint
myUplinkTime : RWTime

FoLiLoadReport

706-CD-002-001 Day 3
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‘myEndLocation : EcTInt
mySize : EcTint

myUplinkPeriod : FOSTimelnterval
myType : RWCString
myStartLocation : EcTint
myLoadName : RWCString

A4t

‘GetCommandList() : FmScCommandList&
GetNumOfCriticalCmds(): EcTint
GetRTSBufferNumber(): EcTint

GetUplinkTime() : RWTime&
SetNumOfCriticalCmds(EcTInt): ECTVoid
SetRTSBufferNumber(EcTint): EcTVoid
SetUplinkTime(const RWTime&): EcTVoid
SetCommandList(const FmScCommandList&) EcTVoid

o

GetEndLocation() : EcTInt

GetSize() : EcTint

GetStartLocation(): EcTint
SetLoadName(const RWCString&): EcTVoid

FoLiATCLoadReport

[RRRRNENEY

myCommandList: FmScCommandList
myControlCommands: FmScCommandList
myStartTime : RWTime

myStopTime : RWTime

myUplinkTime : RWTime

FoLiUplinkLoad

1+

+

+

GetType()
GetUplinkPeriod()
SetEndLocation(EcTint)

SetSize(EcTint)

BuildLoad()

SetStartLocation(EcTint)
BuildLoadData(EcTInt]): EcTint*
SetType(const RWCString&)
CCSDSWrap(EcTint]): EcTint*
SetUplinkPeriod(const FOSTimelnterval)
BuildLoad(const FoLiLoadImage&): EcTint
GetLoadName()

[

‘GetCommandList() : FmScCommandList&
GetControlCommands(): FmScCommandList&
GetStartTime() : RWTime&

GetStopTime() : RWTime&

SetCommandList(const FmScCommandList&) EcTVoid
GetUplinkTime() : RWTime&

SetStartTime() : EcTVoid

SetStopTime() : EcTVoid

SetUplinkTime(const RWTime&): EcTVoid
SetControlCommands(): EcTVoid
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